Recently, Smart grid is one the important concepts that improve the energy future. This paper proposes an economic optimization technique for battery management to reduce the operating cost of a grid-connected microgrid. The proposed microgrid includes photovoltaic, wind power, and battery storage system. The proposed objective concerns with determination of the optimal hourly management for the operating power system to meet the required profile of load demand. In addition to, the excess/lack amount of electricity can be sold to/purchased from the utility grid. Interior Search Algorithm (ISA), an efficient heuristic algorithm, is applied to solve the problem with an objective of total operational cost minimization. The optimization technique is applied to a typical microgrid system with different loading conditions as a case study to test its effectiveness. The proposed platform can be considered as a significant part of comprehensive energy management system (EMS). The simulation results indicate high potential savings for the total operating cost.
Introduction
The microgrid concept has become an important topic in the last few years. Many researchers focus on the application of microgrids and its impact on the environment. Different distributed generators and energy storage systems are connected together to supply different types of loads to construct a microgrid. The microgrid can operate in a standalone mode where the microgrid can supply the load without using the main utility grid or it can operate in a grid-connected mode where the load is supplied from both the microgrid and main utility. The microgrid can provide electricity to local loads or loads in remote regions with minimum transmission system. The most important advantage of the microgrid is that it is not the only supply the customer with the demanded electricity but also it provides a reliability to the system [1, 2] .
One important type of distributed generators (DG) is renewable energy sources (RES). RES gained high interest as they inexhaustible and have a friendly environmental impact. Thus, RES represents dominant source of power in microgrids as they are flexible, smart, and active. They are many mature technologies such as wind turbines, photovoltaic, tidal energy, wave energy, geothermal energy, and biomass [3] . On the other hand, one of the main disadvantages of each RES is the unpredictability of its behaviour. The generated power from RES, such as wind and PV systems, are imbalanced due to weather variations in wind speed and solar irradiance [4] . Therefore, the ESS has been included in the microgrid to solve the intermittency of the generated power. Therefore, the most important problem that faces stakeholders is how to ensure microgrids operate in a reliable and economic manner.
Significant research has been done on the optimal and economic operation of a microgrid. EMS is the important part in controlling the operation of power in microgrids. The concept of EMS based on optimal power flow models has been studied in many published works recently. The proposed microgrid in [5] included wind turbines, PV, diesel generators, and ESS. The authors used EMS for optimal power flow in the microgrid with consideration of the distribution network and the operational constraints. Ref [6] . presented an advanced EMS based on real-time data. The model included three distributed energy resources: photovoltaic (PV), wind turbine (WT), and fuel cell (FC). The optimization model has been solved to satisfy the load demand requirements with minimum possible cost through determining the optimal power output for each DER unit. However, the feed-in tariff (FIT) program was not applied as they didn't include the power from DER when the cost of the grid is lower than the operational cost of renewable energy resources. In [7] the model only included PV and ESS. The priority is to supply the load demand. This research keeps the utility grid as the final choice to meet the load demand. It did not take into consideration the time of use of the electricity prices. Ref [8, 9] . study the optimal sizing for the DGs to minimize the net present value of the MG while supplying the load with required power. Ref [10] . proposes a multi-objective particle swarm optimization (MOPSO) algorithm to design an optimal grid-connected microgrid comprising PV/wind/battery. The objective of the research is to achieve minimum cost, reliable system and reduce pollutant emissions. Some papers choose different types of storage system to achieve the reliability and reduce energy costs. Ref [11] . performs a dynamic power management strategy for the microgrid using PV, wind, and flywheel storage system. Also, ref [12] . discusses optimal EM in a grid-connected mode using Gravitational search algorithm (GSA) algorithm. The proposed model consists of a wind turbine, PV, electrolyser, fuel cell and hydrogen storage tank which supplies the electrical and thermal load demand.
In the previous literature review, there are different types of DGs and ESS that comprise the grid-connected microgrid to supply the load demand. In such systems, there are various operational scenarios that emphasis the importance of EMS to show the priority to supply the load with power from the DGs. If the DGs' power is higher than the demand, the excess of power will be stored in the battery until reaching the maximum capacity. Afterwards, any residual power will be sold to the grid. On the other hand, if the DGs' power is lower than the demand, the battery will supply the load with the shortage of power. If the RES and ESS still cannot supply the entire load demand, the remaining load demand is powered by the utility grid.
This paper proposes an optimal operation of energy management system in a microgrid to optimize the operating cost and achieve the system reliability. The proposed microgrid MG includes three types of DGs: PV, WT, battery and operates in a grid-connected mode. In this work, using ESS allows purchasing energy from the grid with low prices to be stored in the battery units. This stored energy can be recalled during high-peak price hours to compensate any shortage from the DGs. Also, if the demand is less than the power generated by the DGs, the DGs and the grid store the excess power in the ESS with low prices in the off-peak hours. Subsequently, the power will be sold to the utility grid with the maximum price in the high-peak hours. The EMS applies an optimization algorithm to manage the power in the proposed model based on minimizing the total operational cost. This paper uses Interior Search Algorithm (ISA) to solve the energy management optimization problem. The proposed MG is applied to a case study in Oshawa, Ontario, Canada.
The paper is organized as follows: Section 2, gives a brief overview of the proposed microgrid and the model of each source. Section 3 presents the energy management system optimization model. Section 4 discusses the case study. In Section 5, the simulation results are presented and discussed. In Section 6, the conclusion summarizes the results.
Basic system modeling
The microgrid configuration is presented in Figure 1 which includes PV, WT, ESS and the main utility grid. EMS takes a signal from each source of the circuit and applies optimization technique to determine the optimal power flow direction. The step time for the proposed model is 1 hour. At each time step the generated power by each source must be calculated. This section discusses briefly the MG mathematical modelling of each component.
PV model
The output power of PV system changes with the weather conditions. The power generated from the PV arrays at hour t is calculated as follow [13] 
where η pv is the PV panel reference efficiency, A pv m 2 ½ is the solar array surface area, and G t ð Þ is the solar irradiance kw=m 2 ½ :
Wind generator model
A simplified model of a wind turbine produces electrical power which has a linear relationship with the wind speed. When the wind speed reaches a nominal value, the wind turbine produces the nominal power. The wind turbine disconnects from the grid when the wind speed reaches the maximum wind value (cut-off speed). On the other hand, the wind turbine does not generate any power when the wind speed is equal or lower than the minimum wind value (cut-in speed) since it does not have enough power to overcome the friction of the turbine. The output power of wind generator is calculated as follows [14] :
Where P rate is the rated output power, v ci cut-in speed, v co cut-off speed, v r rated speed, v is the wind speed [m/s] and a; b are the fitting parameters of the wind turbine power curve which determine the rated output power of the generator. The output of the wind turbines depends on the wind speed forecasting.
ESS model
There are many types of storage devices used in the power system. Electric storage systems include battery [15] , super capacitor, flywheel [16] , and superconducting magnetic energy storage (SMES) [17] . Depending on the application and the purpose for using the storage system the user decides which type of ESS can be deployed. ESS should be connected to a bidirectional battery charger to regulate the charging/discharging power of the ESS and to control the output voltage. In this paper, the battery storage system is used to give an optimal solution to the proposed model. The dynamic equation for the battery storage system is described as follows:
Where W ESS t ð Þ and W ESS tÀ1 ð Þ are the stored energy in the battery at time (t) and (t-1). P charging and P discharging are the charging and discharging power, respectively, to the battery during a period (Δt). η ch and η disch are the charging/discharging efficiencies of the battery which are both set to be 0.9.
Energy management system (EMS)
This section discusses the energy management strategy used in the proposed model. Also, it illustrates the applied optimization technique. The objective of the EMS is to supply the demand load from the DGs, ESS and the utility grid with respect to an optimal economic technique to minimize the operational cost. There are many input variables to the EMS, which include load demand, PV and wind turbine power output, system constraints, SOC of the battery, operational and maintenance cost of each DGs and ESS and the grid tariff as shown in Figure 2 . The EMS receives its inputs and then determines the optimal setting-point for the ESS and DGs based on the optimization technique.
Objective function
The cost function is used in a grid connected mode to minimize the operational cost and manage the power transfer in the power system using heuristic optimization technique (ISA). The cost function for each hour intervals can be described as: Where C pv , C WG and C ESS are the operational and maintenance cost of the output power of PV, wind power and ESS. Also, C gb t ð Þ and C gs t ð Þ are the cost of purchasing/selling power from/to the utility at hour t. P PV t ð Þ; P WG t ð Þ, P ESS t ð Þ are the output power of the DGs and ESS. P gs t ð Þ and P gb t ð Þ are the input/output power to/from the grid. T is the total period which is from 1 to 24 hour. x is the state variable which represent the output power of the DGs and the charging/discharging power of the ESS. So, at each time the decision variables consisted of:
System constraints
There are many operational constraints that must be taken into consideration before initiating the optimization module. Each DG and the proposed distribution network have technical power limits. These power limits control the optimization problem. The system power limits are as follows:
Load power balance
The following equation illustrates the power flow relation at each time interval, where P P L t ð Þ is the amount of load demand.
Source constraints
To keep the system stable, the DGs output power must be within suitable limits. Also, there are many constraints that must be taken into consideration to maintain the lifetime of the battery and prevent its damage. There is a limit on the amount of energy stored in the battery (presented as the state of charge (SOC)). The input/output power of the battery is limited by the maximum charging/discharging power [18] .
SOC min < SOC < SOC max (10)
Heuristic optimization techniques
Several optimization techniques have been proposed to reach to the optimal solution with respect to the optimization time range and the accuracy to find the optimal solution. Heuristic optimization algorithm is one the best optimization techniques that perform a tradeoff between time and computational effort. Ref [19] . solves the energy management problem with several optimization techniques. It performs a comparison between these optimization techniques and it found that ISA is the best optimization algorithm for these types of problems. This section discusses briefly the composition design of Interior Search Algorithm (ISA) algorithm as one of the types of the heuristic algorithms.
ISA optimization
ISA is a new and important optimization techniques that is fast, reliable, and flexible to solve different optimization problems. ISA is a novel optimization technique given by Amir H. Gandomi in 2014 [20] . In this paper, ISA has been applied to acquire the optimal economic power management of the proposed microgrid. ISA designed related to the aesthetic techniques used for interior design and decoration to satisfy the client point of view. Usually, when the designer begins to design the interior elements of a building, he starts to compose the elements from the wall and then it will be easy to design the other parts because the space will be limited. However, in ISA method the designer arranges the composition of elements randomly to reach to the most beautiful view. This arranges in elements composition is accepted only when it achieves a more decorative view based on the client point of view. ISA optimization technique has been designed based on this idea. The element (state variable) place is changed when it gives a more decorative view (a better fitness value) and when the client accepts the decoration view (the constraints are satisfied). The designers put mirrors near the most decorative element to increase their beauty. This process is used in the optimization method by placing a mirror near the global best function to improve the solution.
ISA has different stages to reach to the optimum cost function. The value of the state variables are changed only if it provides a better fitness function and is within the limited constraints. On the other hand, this method uses a mirror to tune the state variables to achieve the best solutions. The state variables split into two categories; the composition category and the mirror category. Figure 3 shows the flowchart of the ISA optimization steps.
The optimization steps for EMS using ISA is given bellow [21] : (3) Divide other elements into two groups randomly. If r 1 α, the element goes to the mirror group, else it goes to the composition group. Where α is a tuned parameter and r 1 is a random number between 0 and 1. (4) In case of composition group, each variable has been changed randomly within the limited constraint with respected to the following formula.
Where r 2 is a random number between 0 and 1. LB is the lower limit and UB is the upper limit.
(5) To get the position of the new mirror element, put a mirror between the global best element and each element of the group then calculate the value of the fitness function of each element. The following formula calculates the position of the mirror:
The new mirror element can be calculated as follows:
(6) If the new fitness function is better than the old fitness function, the new element replaces the old element. If not, the old element will be kept in the next iteration. (7) If the iterations did not finish, these steps would begin again from step 2.
Most of optimization algorithms have two parameters at least that should be tuned to improve the simulation results. One the advantage of this method is that there is only one parameter (α) which should be tuned. The range of α is varied between 0 and 1. Therefore, by changing the value of α, the best solution could be reached.
Case study
The developed strategy is applied to a set of houses connected together which are located in Oshawa, Ontario, Canada. The hourly output power profile of the wind and PV system changes with the time of day and season. In this paper, the PV and wind profile for a weekday in the winter season, as shown in Figure 4 . The forecasted curve for the hourly load demand during the year is related to IESO Ontario [22] as shown in Figure 5 . The profile of the load during one day in the winter season is shown in Figure 6 . The limits and economic parameters of PV, WT and ESS are illustrated in Table 1 . The minimum, maximum and initial state of charge (SOC) of the ESS is supposed to be 10%, 90% and 50%, respectively. Table 2 illustrates the variation of the grid tariff through the winter season in Oshawa with respect to the Ontario Energy Board [23] . In this section, two possible operation modes are described:
(1) Mode 1 'small-scale load': The DGs power is more than the demand in a specific hour and less in other hours of the day. So, the MG may sell or purchase power to/from the grid depending on the objectives of the operating strategy. The load in this mode consisted of a set of homes and the demand is shown in Figure 6 . (2) Mode 2 'large-scale load': The demand is constantly higher than the DGs power. thus, the shortage of the power demand can be bought from the grid and there will not be any power that can be sold to the grid. To apply this mode, it is assumed that another set of homes is coupled with the previous loads, which simply duplicates the load demand.
To test the proposed model with these modes of operation there are three case studies that will be implemented:
Case 1: The base case study where the demand is supplied by the utility grid only (DGs and ESS are not included). Case 2: In mode 1, The MG supplies the load with the demanded power and the excess of power will be stored in the battery until reaching the maximum capacity. The utility grid is the final choice. In mode 2, battery and DGs provide the load with power and the power shortage is covered by the grid. [1] 0.01 0.01 0.01 Table 2 . Ontario electricity time-of-use price periods.
Time of Use (hour)
Off-peak 0-07
On-peak 07-11
Medium-peak 11-17
On-peak 17-19 Case 3: The proposed case study, where the demand is supplied from DGs, battery or the utility grid depending on the electricity time-of-use price for minimum cost.
Results and discussions
This section presents the results for the studied microgrid based on the proposed formulation. In this paper, a working winter day has been selected as an example to test the model and it can be executed for any day of the year. Figure 7 gives the power flow results in the MG for mode 1 and Figure 8 illustrates the results of the proposed MG for mode 2. The comparison between the three case studies are presented in Table 3 . The outcomes of the proposed microgrid system are represented in the following subsections.
Results for mode 1 'Small-Scale Load'
This mode will be discussed with the three cases to illustrate the advantages of the proposed strategy to minimize the cost.
Case 1) Purchasing electricity, without DGs and ESS;
In this case, the load is fully supplied from the utility grid. Where the DGs and ESS are disconnected from the utility grid. Table 3 gives the total cost of the purchased power from the grid according to the electricity time-of-use price periods. The load absorbs 378 kWh per day from the utility grid and the purchased cost is $48.84 per day. Also, the reliability is missing in this case as if there is any fault in the utility grid, the load will be disconnected.
Case 2) Selling electricity, with DGs and ESS;
In this case, the DGs supply the load with the required power and store the surplus power in the ESS until it reaches the maximum capacity. If there is more power unexploited, it will be sold to the utility grid. Figure 7(a) illustrates that all the power is stored in the battery and no power sold to the utility grid, since the battery did not reach the maximum capacity. As shown in Table 3 , the system costs are reduced by 92.26% so the daily saving is $45.06 per day; as it did not buy any power from the grid and the residual power stored in the ESS. The total cost, in this case, is only the maintenance cost of DGs and ESS. Figure 7 (a) shows that the battery discharges when the DGs' power is lower than the load demand and charges when the DGs' power is higher than the load demand.
Case 3) Purchasing electricity and selling electricity, with DGs and ESS; This strategy allows the MG to acquire economic benefits by selling the electricity to the grid with high price and purchasing it with low price. Therefore, the buying cost is lower than the selling cost and the total cost is $-0.517 per day as shown in Table 3 . Also, the purchased power from the grid (153.42 kWh) is lower than the sold power to the utility grid (261.92 kWh). Figure 7(b) shows that the battery charges in the off-peak price periods and discharges in the other hours of the day. This case study demonstrates a high potential savings for the total operating cost.
Results for mode 2 'Large-Scale Load'
Case 1) purchasing electricity, without DGs and ESS; Case 2) purchasing electricity, with DGs and ESS; Case 3) purchasing electricity and selling electricity, with DGs and ESS; As mentioned before, in case 1 the load is completely supplied by the utility grid. Also, in mode 2 the load is doubled so the purchasing price is increased. In case2 and case 3, DGs and ESS are connected to the utility grid to supply the load. However, in each of the previous cases, the MG can purchase power from the utility grid while in case 3 the MG can sell/buy power to/from the utility grid. In case 2, the ESS charge in the period (09:00-17:00) as in this period the generated power from the PV is at its maximum, while in the evening there is not enough irradiance to generate power from PV so the ESS discharges the stored power. Table 3 gives the amount of energy sold or bought from the utility grid. Also, it gives the costs for electricity trade with the utility grid for the three cases. Figure 8 shows the power flow in the proposed MG in case 2 and 3. Where as shown in Figure 8 (a), in case 2, the power is purchased from the utility grid to cover the shortage to supply the load. On the other hand, Figure 8 (b) shows that in case 3, the MG will sell and buy power to/from the utility grid according to the electricity time-of-use price periods. Table 3 shows a comparison between the three case studies of two modes of operation in terms of minimum cost. From results, the case 3 is more effective than the other two cases. Where the previous analysis, and the aforementioned results indicate high potential savings for the total operating cost in the two modes of operations. 
Conclusion
Using the renewable energy system as a part of the energy sources to supply a load, a set of homes connected together, can save money in the operating cost. The proposed platform which is applied in the energy management system (EMS) could insure the best management of the power flow between sources to supply the load with optimum operational cost. This procedure could achieve cost benefits with respect to the rating of MG. The results show that the combination of renewable energy system and ESS with the presence of EMS can offer an optimal power scheduling in the day-ahead market. ISA is proposed within EMS to minimize the objective function that depends on operational cost. ISA is used for reducing the absorbed power from the grid during the time of high electricity tariff by using the other sources in the MG to cover the load demand; and increase the power from the grid in the off-peak electricity tariff to minimize the operating cost. So, the ESS is charged and discharged with respect to the electricity tariff curve. Therefore, EMS solves the most important problem that faces the stakeholders which is how to manage the MG to operate in a reliable and economic manner. 
